Introduction
On October 1, 1983, the Health Care Financing Administration (HCFA) began the implementation of a new system for making Medicare payments to hospitals for inpatient services. The new system changed the method of payment for inpatient hospital services from a cost-based retrospective reimbursement system to a diagnosis-specific prospective payment system. Implementation of the new prospective payment system was preceded by nearly a decade of research and demonstrations by HCFA in order to develop the necessary elements required for such a system. The first step in the research and development process was the development of a system that classified hospital cases into a manageable number of categories such that the cases within each category are clinically coherent and reasonably homogeneous in cost. After evaluating a number of different patient classification systems, HCFA selected a system called diagnosis-related groups (DRG's) that was developed at Yale University. In the DRG system, patients are grouped into 467 categories derived from a multistage process of clinical judgment and statistical analysis-. The DRG system is designed for use with diagnosis and procedure information coded in the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) coding system. Under the prospective payment system (PPS), each Medicare discharge is classified into one of these mutually exclusive and comprehensive categories.
The second step in the process was the development of a set of relative weights that measure the relative costliness of each of the DRG case categories. Relative weights based on the average cost per case in each DRG, rather than the average charge per case, were chosen on the assumption that average cost weights better reflect relative resource use across case categories. The relative weights were developed using a sample of Medicare bills and Medicare Cost Reports from approximately 5,500 hospitals. The process of constructing relative cost weights involved classifying a sample of approximately 20 percent of all 1981 Medicare discharges into DRG's, computing an estimated cost for each discharge, standardizing the cost data to account for variations in input factor prices and variations in the level of hospitals' teaching activity, computing an average cost per DRG, and finally, deriving a measure of the relative costliness of each DRG called the relative cost weight.
The final step was the development of a hospital case-mix index (CMI) using the DRG classification scheme and cost weights developed in the first two steps. The CMI is a ratio that compares each hospital's expected average cost for the types of Medicare cases it treats to the national average cost per Medicare case. A critical test of the usefulness of the CMI (and its component parts) was the determination of the extent to which hospital CMI values are related to hospital average cost per case values. Various statistical tests supported the hypotheses that the resultant CMI is a significant factor explaining variation in average Medicare cost per case among the hospitals and that the CMI is proportionately related to Medicare cost per case. These findings provided strong indirect evidence that the CMI is a valid representation of the expected costliness of an individual hospital's Medicare patient mix (Pettengill and Vertrees, 1982) . The results of each of these steps in the research and development process led HCFA to conclude that a prospective payment system for hospital inpatient services could be implemented using available Medicare data.
would provide suitable weights for the case categories. However, the market for hospital inpatient services was considered to depart sufficiently from the competitive norm to cast doubt on the use of charge data alone in the weight construction process (Pettengill and Vertrees, 1982) . Given that most inpatient hospital services are covered by health insurance and that the hospital industry is dominated by nonprofit providers, markets for hospital inpatient treatment cannot be characterized as strongly price competitive. Further, past hospital reimbursement methods were thought to have encouraged hospitals to set prices to cross-subsidize between routine and ancillary services and among ancillary services.
As a result, average hospital charges for each case category were not considered to reflect efficient costs of production. Instead, an alternative approach was adopted that used a combination of charge and cost information. Routine costs, special care costs, and ancillary charges reported by hospitals for each case in a DRG category were adjusted, based on data from the Medicare Cost Reports and other data files, to account for the gross effects of hospital pricing policies, variations in factor input prices, and variations in the level of teaching activity. Though subject to their own limitations, the resultant set of cost weights were considered to better represent the efficient relative cost of treatment for a given DRG category than would relative weights based on unadjusted charges.
Purpose of this study
The purpose of this study was to investigate the extent to which DRG weights based on costs differ from DRG weights constructed exclusively from charge data, and to investigate the source(s) of any differences. Charge data have some potential advantages compared with operating cost data for constructing DRG relative weights. Weights based on charges would be more timely, because they would not require cost report data that is typically 2 to 3 years old before it becomes available for analytical purposes. Charge-based relative weights would also be simpler to construct, because a series of adjustments would not be required to convert charges to costs.
However, charge-based weights might be less reflective of true resource costs than cost weights are. Pettengill and Vertrees (1982) give two reasons for choosing cost data instead of charge data for the construction of DRG relative weights: • Significant differences in cost-to-charge ratios among hospitals may result in large arbitrary differences between charge-based and cost-based weights.
• Charge-based weights that are not standardized for differences among hospitals in capital and medical education costs may differ significantly from operating cost weights. The chief reason for including the cost-to-charge adjustment in computing relative weights is to compensate for possible distortions between costs and charges that are the result of the variety of pricing policies used by hospitals. For example, cross-subsidization by hospitals in their pricing of routine and ancillary services might be expected to make charge-based weights more compressed than the current set of operating cost weights. If relatively inexpensive, highly utilized services are priced to subsidize expensive, less frequently utilized services, charges for high (low) weight DRG's may underestimate (overestimate) true resource costs relative to the operating cost weights.
To assess the relative advantages and disadvantages of using charge data, we computed a set of chargebased relative weights and compared them with a comparable set of weights based on operating costs. Our analysis will not permit us to determine whether either set of relative weights is a good measure of the resources used to treat hospital inpatients; however, it will permit the evaluation of the differences between the two measures. We also investigated the sources of observed differences and estimated the relative importance of each source. Finally, we tested the hypotheses that a CMI developed from charge-based relative weights is a significant factor that explains the variation in average Medicare cost per case and that it is proportionately related to Medicare cost per case.
The following are provided in this article: • Background information on the development of the original set of relative cost weights used in the Medicare prospective payment system. • Data sources and methodology used in the construction of the charge-based relative weights and the major sources of differences between the methodologies used to construct the operating cost and charge-based relative weights.
• A comparison of the alternative sets of relative weights.
• A detailed analysis of the source(s) of any differences between the sets of weights.
• An assessment of the relationship between case-mix index values constructed from charge-based relative weights and hospital average cost per case values.
• A summary of the findings of this study.
Cost-based relative weights
The diagnosis-related group (DRG) weights used in the prospective payment system (PPS) were calculated by a complex methodology using data from the 1981 Medicare provider analysis and review (MEDPAR) file, the 1981 Medicare Cost Report abstract file, and the 1981 hospital wage index based on hospital wage information collected by the Bureau of Labor Statistics (BLS) of the U.S. Department of Labor. The MEDPAR file contains Medicare stays for a 20-percent sample of Medicare beneficiaries discharged from short-stay hospitals. It also contains detailed charge data for each bill (including the number of days and charges for routine care and special care); separate charges for seven categories of ancillary services (pharmacy, radiology, laboratory, medical supplies, operating room, anesthesiology, and other ancillaries; a limited amount of clinical information, such as principal diagnosis and principal procedure; and selected demographic characteristics, such as age and sex.
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The Medicare Cost Report abstract file contains detailed cost report information for hospitals providing inpatient care to Medicare beneficiaries. The cost reports provide the basis for settling the amount of final Medicare payment in a given fiscal year. The cost reports contain information on operating costs, capital costs, medical education costs, and on aggregate cost-to-charge ratios for a number of different revenue centers. The 1981 Medicare Cost Report abstract file was supplemented with additional information, such as the number of Medicare discharges for each hospital in 1981, from other statistical files maintained in the central office of the Health Care Financing Administration (HCFA).
The 1981 hospital wage index used in the computation of relative weights was a county-level hospital wage index developed for HCFA by the BLS. The BLS constructed the hospital wage index by using compensation and employment data for hospital workers based on quarterly tax reports submitted by hospitals to State employment security agencies. The BLS file is used to adjust the cost and charge data for variations in area wages across hospitals.
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Constructing cost-based relative weights
The DRG relative weights are estimates of the relative resource intensity of each DRG. These weights are computed by estimating the average resource intensity per case for each DRG, measured in dollars, and dividing each of those values by the average resource intensity per case for all DRG's, also measured in dollars. The result is a set of relative weights, one for each DRG.
Computation of the DRG weights entailed several discrete steps. First, all cases from the 1981 MEDPAR file were assigned to a DRG classification category. Second, an estimate of the cost for each case was computed. This was accomplished by adding together for each case the following three components:
• The number of days the patient spent in a regular room (from MEDPAR) times the hospital's routine cost per day (from the Medicare Cost Report).
• The number of days the patient spent in a special care unit (from MEDPAR) times the hospital's special care cost per day (from the Medicare Cost Report).
• Ancillary charges for seven ancillary departments (from MEDPAR) times the relevant departmental cost-to-charge ratio (from the Medicare Cost Report).
This procedure was applied to approximately 2 millon records from hospitals for which adequate cost report data were available. Direct medical education costs and capital costs were removed from the estimated cost per case by using data from the Medicare Cost Report file. Direct medical education and capital costs were removed because, at least initially, they continue to be reimbursed on a retrospective basis under PPS. Costs in excess of the routine cost limits applicable in 1981 were also removed. Third, the estimated cost per case was adjusted for estimated indirect teaching costs in order to standardize for variations in the level of teaching activity across hospitals. This is accomplished by dividing the estimated cost for each case in a given hospital by a teaching adjustment factor computed for that hospital. The teaching adjustment factor was developed from a multivariate analysis of hospital costs that indicated that teaching hospitals' expected costs per case differ by slightly less than 6 percent for each 10-percent difference in their resident-to-bed ratios (Pettengill and Vertrees, 1982) . Hence, a teaching hospital with a resident-to-bed ratio of 0.2 would have its estimated costs per case reduced by a factor of approximately 12 percent.
Fourth, estimated costs per case were standardized for differences in area wages across hospitals. This is accomplished by deflating the labor share of the estimated cost of each case by the appropriate wage index value from the BLS hospital wage index. The labor share of the average Medicare case was estimated by HCFA's Office of Financial and Actuarial Analysis to be 0.7915. The nonlabor share, estimated to be 0.2085, was not adjusted (except for Alaska and Hawaii) because HCFA had no reliable measure of variations in prices of nonlabor inputs across hospitals.
Fifth, extreme values were excluded from each DRG category. Criteria for excluding statistical outlier cases were set at plus or minus three standard deviations of the geometric mean cost per case for each DRG. The geometric mean was used instead of the arithmetic mean because the distribution of cases within each DRG is skewed to the right. (Cost per case values can be extremely large, but cannot be less than zero.) Use of the geometric mean better enables the identification of unusually low and unusually high costs per case. Roughly 10,000 out of approximately 2 million cases (one-half of 1 percent) were excluded on the basis of these criteria.
The final step was the computation of the relative weights. This was accomplished by dividing the caseweighted, arithmetic mean cost per case for each DRG by the average cost per case for all DRG's, where the 1 In contrast to the 1981 data, the 1984 data contain discharge information for 100 percent of all Medicare beneficiaries. In addition to the diagnosis, length of stay, and charge information contained in the 1981 data, the 1984 data contain additional diagnostic information on up to three surgical procedures and four secondary diagnoses. 2 For a detailed discussion of the contents of these data sources and of problems of data quality, see Pettengill and Vertrees (1982) or Lave (1985 
Evaluating cost-based relative weights
Prior to implementation of the PPS, an attempt was made to assess the validity of the resultant set of cost-based relative weights (Pettengill and Vertrees, 1982) . A direct assessment was not possible, because no other independent measure of the relative structure of costs across DRG's was available. However, an indirect assessment was attempted by evaluating the relationship between hospital CMI values constructed from the cost-based relative weights and hospital average cost per case values. Finding that CMI values based on the relative weights are proportionately related to average cost per case values (e.g., a hospital with a 10-percent higher CMI value has a 10-percent higher average cost per case) would provide strong indirect evidence of the validity of the CMI and its component parts, the cost-based relative weights.
The relationship between hospital CMI values and hospital operating cost per case values was tested by estimating a single-equation, average cost function using 1981 Medicare Cost Report data from approximately 5,000 hospitals. The cost function assumed Medicare cost per case to be a function of case mix, teaching intensity, hospital wages in the local area, bed size, and size of standard metropolitan statistical area. Ordinary least-squares regression was used to estimate the coefficients of the independent variables.
3 The regression equation explained 72 percent of the variation in Medicare cost per case. More importantly, CMI values were found to be approximately proportional to operating cost per case values, as expected.
Additional sensitivity analyses were conducted to assess the stability of the estimated regression equation in response to potential classification errors, specification errors, and errors in the measurement of the dependent and independent variables. The results of these analyses led HCFA to conclude that the Medicare CMI constructed from cost-based relative weights provides a generally accurate representation of the expected costliness of an individual hospital's patient mix.
There are, however, some problems associated with the method used to construct the cost-based relative weights used in PPS. First, there is a 2-year or 3-year lag between the date of the Medicare Cost Report data and the date when the file becomes available for analysis. Second, the process of constructing costbased weights is relatively data intensive. The original set of cost-based relative weights required data from five different Medicare files. In addition, a series of adjustments were required in deriving standardized operating costs. Pass-through costs, such as direct medical education and capital costs, were identified and removed from cost report data for each hospital. Also, charges were converted to costs for seven different ancillary departments from each hospital. Finally, costs were adjusted to account for differences in wage levels and indirect medical education costs across hospitals.
Having made all of these adjustments, the resulting set of relative weights may be compressed to some unknown extent. That is, the weights probably underestimate the cost of the high-weight DRG's and overestimate the cost of the low-weight DRG's. For routine and special care costs, compression results from the use of the average cost per day for all cases within a given hospital, irrespective of the DRG category. Thus, the operating cost weights do not reflect intra-DRG variations in the intensity of nursing and other routine and special care services among patients in different DRG's. The effect of this omission may bias the low-cost DRG categories upward and the high-cost categories downward.
Also, within each ancillary category, average costto-charge ratios are used for all cases within a given hospital, again irrespective of the DRG category. If within ancillary categories charges are set so that the less expensive services subsidize the more expensive services, then the cost of cases with above-average ancillary costs may be underestimated, and the costs of cases with below-average ancillary costs may be overestimated. Adjustments using departmental costto-charge ratios can only compensate for cross-subsidization that occurs across, not within, cost categories. Again, the effect may be to bias the lowcost DRG categories upward and the high-cost DRG categories downward.
Charge-based relative weights
As noted earlier, charge-based weights have some potential advantages over operating cost weights. Weights based on charges could be constructed without cost report data that are typically 2 to 3 years old before they become available for analysis. Chargebased relative weights are also simpler to compute, because adjustments are not required to convert charges to costs and to remove capital and medical education costs. However, it is possible that chargebased relative weights might be even less reflective of true resource costs than the operating costs weights are. Specifically, the omission of the cost-to-charge and pass-through cost adjustments could result in charge-based relative weights that differ markedly from cost-based relative weights. Also, cross-subsidization in the pricing of high-cost and low-cost services could make charge weights even more compressed than operating cost weights. (The compression of routine and special care costs noted earlier is very likely also to apply to charges for these services so that both the operating cost and the charge weights can be expected to suffer from this source of compression.)
To investigate these concerns, a set of charge-based relative weights (with no adjustment for cost-to-charge ratios and pass-through costs) were computed and compared with a comparable set of weights based on operating costs. The charge weights were constructed from calendar year 1981 Medicare provider analysis and review (MEDPAR) data, the same data set that was used in conjunction with the Medicare Cost Report abstracts to construct the original operating cost weights for the prospective payment system (PPS).
Constructing charge-based relative weights
A guiding principle in deriving the charge-based set of weights used in this analysis was that the methodology be as similar as possible to that used in deriving the original set of PPS relative weights. However, it was sometimes necessary to modify the procedures used in deriving the PPS relative weights. For example, the charge weights used in this analysis were restricted to the 358 diagnosis-related groups (DRG's) for which the 1981 MEDPAR contains a sufficient number of cases to yield reliable weights. For 109 low-volume DRG's, the 1981 MEDPAR file had to be supplemented with outside data from Maryland and Michigan, data that was not used in this analysis. For purposes of consistency, the cost weights used in this analysis were also restricted to the same 358 DRG's.
The cost weights computed for this analysis differ only slightly from the PPS relative weights published in the Federal Register (1983) . The Pearson correlation coefficient between the cost weights computed for this analysis and the published weights is very high, .99. The small differences that do exist can be attributed to the following factors. First, the operating cost weights used in this analysis were computed for the 358 DRG's for which MEDPAR contained a sufficient number of cases, whereas the published weights incorporate data from Maryland and Michigan for 109 low-volume DRG's. Hence, values for the 358 common DRG's may differ because a different denominator is used in computing the relative weights in the two cases. Second, kidney acquisition costs were removed in computing the published weights, but were not removed in computing the cost weights for this study, because these costs were not on the files available for this analysis. Third, the operating cost weights were standardized by using slightly different wage indexes and indirect teaching factors than the published weights were. For the operating cost weights, we used the June 30, 1981, BLS wage index and a .05795 indirect teaching factor that was based on 1981 data, both of which are used for PPS payments. However, the published relative weights are based on the March 18, 1981, BLS wage index and a .06063 indirect teaching factor that was based on 1980 data. The main difference between the two wage indexes concerns the classification of certain metropolitan statistical areas as rural or urban, rather than the wage data themselves.
The chief differences between the cost weights and the charge weights developed in this study are as follows:
• Per diem costs (from the Medicare Cost Reports)
were used in conjunction with length-of-stay information from the MEDPAR file in computing the routine and special care components of the operating cost weights, whereas routine and specialcare charges (from the MEDPAR file) were used in computing the charge-based relative weights.
• Ancillary charges (from the MEDPAR file) were adjusted by the relevant ancillary department costto-charge ratio (from the Medicare Cost Report) in computing the ancillary component of the operating cost weights, whereas unadjusted ancillary charges were used in computing the charge-based relative weights.
• Pass-through costs have been removed from the operating cost weights, but not from the charge weights. For the cost weights, capital and direct medical education costs were removed from routine, special care, and ancillary costs in exactly the same manner used in deriving the original PPS weights. The method is equivalent to estimating these costs as proportions of routine costs, special care costs, and ancillary costs and using those proportions to reduce the respective cost elements. The cost weights were also standardized for differences in indirect medical education costs, whereas the charge weights were not standardized.
The same standardization for wage differences was applied to both sets of weights. This standardization is the same as that used in developing the published weights except for the difference in wage indexes described earlier. The labor-related share was assumed to be .7915 of both costs and charges. This assumption was used because more accurate shares for charges are not available.
The same criterion used in computing the published weights was used to eliminate statistical outliers for both sets of weights. All cases outside of three standard deviations from the mean of the log distribution of costs or charges per case for each DRG Health Care Financing Review/spring 1986/Volume 7, Number 3 
Method of adjustment
Capital and direct medical education costs were removed from routine, special care, and ancillary costs based on hospital specific estimates of the ratios of routine, special care, and ancillary capital and medical education costs to total, routine, special care and ancillary costs.
Indirect medical education costs were removed based on a hospital specific estimate of the teaching adjustment factor (1 + (.5795 x Residents/Beds)).
Area wage differences were removed based on an area-specific 1981 Bureau of Labor Statistics wage index applied to the labor share of the estimated cost per case. were eliminated from the calculation of the relative weights.
Once the arithmetic mean costs or charges per case were determined for each DRG, they were converted to relative weights by using the same definition for the mean costs or charges for all DRG's that was used in computing the PPS relative weights. The definition used is the hospital weighted mean of the case weighted mean of the standardized costs (charges) per case for all DRG's.
A summary of the major differences between the methodologies used in constructing both sets of weights is presented in Table 1 . A comparison of the resultant sets of operating cost weights and chargebased weights will permit isolation of the impact of not adjusting for cost-to-charge ratios and passthrough costs in the construction of charge-based relative weights. However, it should be noted that the analysis will not permit determination of whether either set of relative weights is a good measure of the true resource costs of treating hospital inpatients. It will, however, permit an evaluation of the differences between the two measures and of the sources of any such differences.
Comparison of alternative relative weights
A comparison of the 1981 operating cost weights and the 1981 total charge weights is presented in this section. The results of the analysis indicate that relative weights based on 1981 MEDPAR data are largely invariant, regardless of the methodology used.
A summary of the major findings is presented below.
First, the relative weights computed by each method are quite similar. As indicated in Table 2 , the difference between relative weights based on operating costs and relative weights based on total charges is less than 5 percent for most of the DRG's.
Second, the structure of the relative weights across DRG's for each method are also very similar. The Table 2 Number of diagnosis-related groups and number and percent distribution of cases, by percent by which charge weights differ from cost weights
Percent by which charge weights differ from cost weights Spearman correlation coefficient, which measures the correspondence of the rank ordering of pairs of observations, and the Pearson correlation coefficient, which measures the correspondence of actual values between two sets of observations, are both greater than .99. A comparison of cost and charge weights for the top 25 DRG's in terms of frequency is presented in Table 3 . Third, the relative dispersion of costs or charges within a DRG are very similar for each method. When charge data are used, coefficients of variation for each DRG (the ratio of the standard deviation to the mean) are slightly higher than they would be if cost data were used. However, in general, the difference is less than 5 percent, with only a few coefficients of variation differing by as much as 10 percent. In some cases, the coefficients of variation are even lower when charge data are used. A comparison of coefficients of variation for the top 25 DRG's in terms of frequency is presented in Table 4 .
Fourth, the dispersion of average costs or charges across DRG's are also very similar, as indicated in Table 5 . The standard deviation of the charge-based weights is slightly larger than the standard deviation of the cost-based weights, which means that the charge-based relative weights are slightly less compressed than the cost-based relative weights. DRG's with high (low) relative weights are likely to be slightly higher (lower) if computed using charge data rather than cost data.
Finally, as indicated in Tables 6 and 7 , hospital case-mix index values computed on the basis of charge-based weights are very similar to case-mix index values computed on the basis of cost weights. In Table 6 we observe, however, that large urban hospitals have higher case-mix index values using charge-based weights rather than cost-based weights. Small rural hospitals, on the other hand, have lower case-mix index values using charge-based weights. This finding is a consequence of the earlier finding that charge-based weights are slightly less compressed than the cost-based weights. Similarly, teaching hospitals have higher case-mix index values using charge-based weights rather than cost-based weights. NOTES: Data are based on the 358 DRG's for which sufficient information was available on the 1981 Medicare provider analysis review file to compute relative weights. The means reported above are DRG weighted. Relatively low frequency, high-weight DRG's have a greater impact on the DRG weighted mean than on the hospital weighted mean of the case weighted DRG means used in the prospective payment system. As a result, the means reported above are greater than 1.
Nonteaching hospitals, on the other hand, have lower case-mix index values using charge-based weights. The distribution of hospitals by percent difference between charge-based and cost-based case-mix index values is given in Table 7 . Only 94 out of a total of 5,501 hospitals would have observed more than a 3-percent difference in their case-mix index value had charges rather than costs been used in constructing case-mix indexes. No hospitals would have observed more than a 6-percent difference in their case-mix index values. 
Interpretation of the results
Three adjustments made in constructing the operating cost weights were omitted in constructing the charge weights (the charge-to-cost adjustment and the standardizations for differences in capital and medical education costs). The similarity of the charge and the operating cost weights indicates that these adjustments have little effect on the structure of the relative weights. The chief difference between the two sets of weights is that the charge weights are less compressed than the operating cost weights. That is, the charge weights tend to be greater (less) than the operating cost weights for DRG's with relatively high (low) operating cost weights. In this section, we attempt to provide explanations for these results. In particular, we attempt to answer the following two questions:
• Why do interhospital differences in cost-to-charge ratios and pass-through costs produce relatively small differences between charge-based and operating cost weights? • Why are the charge-based weights less compressed than the operating cost weights?
Similarity of alternative relative weights
If the charge-based and operating cost weights were identical, then the ratio of the charge-based to the operating cost weight would be equal to one for every DRG. Since the two sets of weights are very similar, the ratio does not vary greatly from one. As shown in Table 2 , no DRG had a charge-based weight that was more than 10 percent less than the operating cost weight. In addition, no DRG had a charge-based weight that was more than 20 percent greater than the operating cost weight. These results imply that the ratio of the charge-based weight to the operating cost weight ranges from a low of approximately .90 to a high of approximately 1.20.
We examined why the charge-based and operating cost weights are so similar by investigating the relative constancy across DRG's of the ratio of total charges per case to operating cost per case. Comparing the charges-to-operating cost ratio is essentially equivalent to comparing the ratio of the two relative weights. These alternative comparisons yield equivalent results because the relative weights are constructed by dividing the mean operating cost or charges for each DRG by the mean operating cost or charges for all DRG's. Hence, for each DRG, the ratio of the charge-based to the operating cost weight is equal to the ratio of the mean charges per case to the mean operating cost per case multiplied by the ratio of the mean operating cost to the mean charges for all DRG's as shown below:
The ratio of the mean cost for all DRG's to the mean charge for all DRG's is the same for each DRG. Therefore, variation across DRG's in the ratio of the two sets of relative weights is fully reflected in the ratio of the mean charges per case to the mean operating cost per case.
A hypothetical example is useful to show how the operating cost and charge-based weights can be very similar despite relatively large interhospital differences in the total charges-to-operating cost ratio. The critical determining factor is the degree of similarity among hospitals' case mixes. On the one hand, if the proportion of cases in each DRG were the same for all hospitals, inter-DRG differences in the total charges-to-operating cost ratio would disappear, and charge-based and operating cost weights would be identical no matter how much variation exists in the ratio among hospitals. On the other hand, if hospitals were completely specialized, each treating a different set of DRG's, the interhospital differences would appear as inter-DRG differences, and charge-based and operating costs weights would reflect these differences.
Consider the following examples shown in Table 8 . In each case, there are two hospitals and two DRG's. Hospital X has a total charges-to-operating cost ratio of 2.0, and hospital Y has a total charges-to-operating cost ratio of 1.0. In case A, hospitals X and Y each treat one case in each DRG. In case B, hospital X Table 8 Impact of hospital differences in charge-to-cost ratios on diagnosis-related group relative weights NOTE: DRG is diagnosis-related group.
treats two cases in DRG 1 and no cases in DRG 2. Hospital Y treats no cases in DRG 1 and two cases in DRG 2. Hence in case A, both hospitals X and Y have the same proportion of their cases in each DRG. In contrast, in case B, hospital X has 100 percent of its cases in DRG 1, whereas hospital Y has 100 percent of its cases in DRG 2. In case A, the interhospital differences in the total charges-tooperating cost ratio (2.0 versus 1.0) disappear at the DRG level, where the ratio is 1.5 for both DRG's. In turn, the charge-based and operating cost weights are identical. In case B, the interhospital differences in total charges-to-operating cost ratios (again 2.0 versus 1.0) appear at the DRG level also and, indeed, the charge-based and operating cost weights differ significantly. In particular, in case B the charge-based weights fail to capture the differences in resource intensity between the two DRG's.
These are the examples of the extreme cases. Clearly, the high degree of correspondence between the empirically derived charge-based and operating cost weights provides strong circumstantial evidence that the 1981 data lie closer on the spectrum to case A than to case B.
To explore this issue empirically, we computed the mean and standard deviation of the total charges-tooperating cost ratio by using the 1981 MEDPAR cases on which the DRG relative weights were based: across all hospitals with cases in the data set, and across the 358 DRG's included in our analysis. These means can be expressed, respectively, as
R ij is the total charges-to-operating cost ratio for DRG i and hospital j; (n ij /n j ) is the proportion of cases in DRG i and hospital j;
(n ij /n j ) is the proportion of cases in DRG i and hospital j; M is the total number of hospitals; and N is the number of DRG's (358 in our study).
The standard deviations are of particular interest because they measure the extent of variation in the ratios across DRG's and hospitals. These results are presented in Table 9 , and they show the large reduction in variation that occurs when the ratio is computed by DRG rather than by hospital. The standard deviation of the total chargesto-operating cost ratio is only one-hundredth as large on a DRG basis as on a hospital basis. This result illustrates that the effect portrayed in case A of Table 8 is operating in the 1981 data and appears to explain why the charge-based and operating cost weights are very similar.
Compression of alternative relative weights
The finding that the charge-based weights are less compressed than the operating cost weights implies that the ratio of the two sets of weights tends to increase in moving from low-weight to high-weight DRG's. That is, for low-weight DRG's, the chargebased weights tend to be less than the operating cost weights; and for high-weight DRG's, the charge-based weights tend to be greater than the operating cost weights.
As noted earlier, it is shown in Table 9 that the inter-DRG variation in the total charges-to-operating cost ratio is small relative to the interhospital variation (0.25 versus .0025). Nevertheless, some variation exists, and it holds the answer to the question of why the charge-based weights are less compressed than the operating cost weights. Our objective is to determine which of the adjustments made in constructing the operating cost weights accounts for these differences. Just as in the previous section, the issue is analyzed in terms of the total charges-to-operating cost ratio. The lesser compression of the charge-based weights implies that the total charges-to-operating cost ratio is positively correlated with the size of the operating cost weights.
This ratio can be expressed as the product of the following two ratios-the total charges-to-cost ratio and the total cost-to-operating cost ratio:
The significance of this decomposition is that the component ratios reflect the adjustments for cost-tocharge ratios and pass-through costs whose effects we Table 10 Regressions of cost and charge ratios on operating cost weights for diagnosis-related groups Dependent variables (1) Total charges-tooperating cost ratio (2) Total cost-tooperating cost ratio (3) Total charges-tototal cost ratio (4) CCP (Total charges-tototal cost ratio with mean chargeto-cost ratios and DRG-specific cost proportions) (5) CCR (Total charges-tototal cost ratio with DRG-specific charge-to-cost ratios and mean cost proportions) Constant are attempting to determine. By examining how each of these ratios varies across DRG's, we can assess the effect of each adjustment. The standard deviations reported in Table 9 indicate that the total charges-tototal cost ratio is approximately 2 1 / 2 times more variable across DRG's than the total cost-to-operating cost ratio (.0013 versus .0005) . This fact suggests that cost-to-charge differences may be more likely to explain the lesser compression of charge-based weights than differences in pass-through costs are.
However, the critical question is whether the total charges-to-total cost ratio or the total cost-tooperating cost ratio increases more rapidly in going from low-weight to high-weight DRG's. We analyzed this question by regressing each of the three ratios on the operating cost weights, and the results are presented in lines (l)-(3) of Table 10 . The positive slope coefficients indicate that both the total chargesto-total cost and the total cost-to-operating cost ratios contribute to the lesser compression of the chargebased weights.
4 However, the fact that the coefficient of the total charges-to-total cost ratio is twice as large 4 Indeed, the fact that the slope coefficient and the R 2 are largest in the total charges-to-operating cost equation (row 1) indicates that the combined effects are stronger than either individual effect. Because the effects are multiplicative, this result is expected.
Health Care Financing Review/spring 1986/voiume 7, Number 3 as the coefficient of the total cost-to-operating cost ratio (.02 versus .0096) indicates that differences between total charges and total costs are more important in explaining the compression result than inter-DRG differences in the pass-through costs are.
As a final step in our analysis, we attempted to determine why the total charges-to-total cost ratio tends to be greater (less) for high (low) weight DRG's. Variations in the total charges-to-total cost ratio result from variations in either the total charges-to-total cost ratios of the nine cost categories or the proportions of costs in each of the nine cost categories:
The subscript i represents the DRG, and the subscript j represents the cost category. The following nine cost categories are the ones used in constructing the relative weights:
• Routine.
• Special care.
• Operating room.
• Drugs.
• Laboratory.
• X-ray.
• Medical supplies.
• Anesthesiology.
• Other ancillaries.
The total charges-to-total cost ratio of a DRG may be greater than the average for all DRG's because its specific charge-to-cost ratios are higher than average, or because it has above average proportions of total cost in cost categories that, on average, have relatively high charges-to-cost ratios. The means for the nine charges-to-cost ratios and cost proportions across DRG's are reported in Table 11 .
To isolate the separate effects of differences in charges-to-cost ratios and differences in cost proportions, we computed two additional total charges-to-total cost ratios for each DRG, letting only one source of inter-DRG variation occur at a time. First, we computed one set of charges-to-cost ratios (CCP) using the mean charges-to-cost ratios for each of nine cost categories and the DRG-specific cost proportions. Then, we repeated the process using DRG-specific charges-to-cost ratios and nine mean cost proportions (CCR). CCP i is the sum for each DRG across cost categories of the product of the mean charge-to-cost ratio for each cost category (CC j ) and the DRG-specific cost proportion (CP ij ); and CCR i is the sum for each DRG across cost categories of the product of the DRG-specific charge-to-cost ratio (CC ij ) and the mean cost proportion for each cost category (CP j ). Thus, CCP reflects only inter-DRG variation in the proportions of total cost in each of the nine categories, whereas CCR reflects only inter-DRG variation in the charge-to-cost ratios for each -.category. By regressing CCP and CCR on the operating cost weights, we determined which source of variation plays a greater role in explaining the lesser compression of the charge-based weights. The results of these regressions are shown in Table 10 , lines (4) and (5). The slope coefficient is much larger in the CCP equation than in the CCR equation (.0221 versus .0052). This result indicates that inter-DRG variation in the proportion of cost in each of the nine cost categories explains most of the variation in the total charges-to-total cost ratio across DRG's. This result is further supported by the fact that the R 2 is much larger in the CCP than in the CCR equation (.28 versus .03) .
Because, as shown in Table 11 , the ancillary services, on average, have higher charges-to-cost ratios than routine and special care costs, we can draw the following inference: The lesser compression of the total charge weights results from the fact that higher (lower) weight DRG's tend to have higher (lower) proportions of their total costs in cost categories with relatively high (low) charges-to-cost ratios. Thus, in explaining the degree of compression that is the result of variation across DRG's in overall charges-to-cost ratios, inter-DRG variation in the proportions of costs in the various categories is more important than inter-DRG variation in the charges-to-cost ratios of the individual cost categories.
As a final comment on the compression issue, it should be noted that we found the pattern of chargesto-cost ratios among the nine cost categories to be consistent with conventional beliefs about crosssubsidization. Ancillary cost categories have higher charges-to-cost ratios than the routine, special care, and operating room categories. Further, special care, which we might expect to be associated with highweight DRG's, has the lowest charges-to-cost ratio. Other things being equal, we might expect DRG's with relatively high proportions of cost in special care to have lower charge-based weights than operating cost weights. However, other things are not equal. In particular, the relationship between the charge-based and operating cost weights for DRG's with above average proportions of special-care costs also depends on the correlations between the special-care proportion of cost and the other cost proportions.
We investigated this issue and found that the special-care proportion of total cost exceeds the DRG weighted mean of .06 for 123 of the 358 DRG's analyzed in this study. Eighty-four of the 123 DRG's had operating cost weights greater than 1.0. The charge-based weights are greater than the operating cost weights for 77 of these 84 DRG's. Thus, most relatively high-weight DRG's with an above average proportion of special-care cost fit the general pattern of lesser compression for the charge-based weights. For these DRG's, cross-subsidization of special care, as reflected in a relatively low ratio of charges-to-cost, does not result in compression of the charge-based weights relative to the operating cost weights. This result can only be explained by the existence of a positive correlation between the proportions of cost in special care and in the ancillary categories with higher charges-to-cost ratios. In other words, a high proportion of special-care cost does not generally compress the charge-based weight for a DRG because relatively high utilization of special care is accompanied by relatively high utilization of ancillaries, such as X-ray and laboratory services.
Relationship between cost and case-mix
An important step in the development of the original set of cost-based relative weights was an assessment of the relationship between hospital casemix index values constructed from the cost-based relative weights and hospital average per case values. The relationship between case mix and cost per case was tested by estimating a single equation average cost function using 1981 Medicare Cost Report data from approximately 5,000 hospitals. The analysis supported the hypothesis that a case-mix index based on operating cost weights is a significant factor that explains variation in average Medicare cost per case among hospitals, and that such a case-mix index provides a valid representation of the expected costliness of an individual hospital's Medicare patient mix. In this section, we replicate the original analysis by using a case-mix index constructed from chargebased relative weights, rather than from operating cost weights, and compare the results with the original findings.
The evaluation of case mix and Medicare cost per case was based on the multivariate regression analysis of hospitals' 1981 operating costs per case. Cost per case is hypothesized to depend on the following independent variables: • The charge-based Medicare case-mix index.
• A 1981 Bureau of Labor Statistics wage index.
• A measure of teaching activity (resident-to-bed ratio). • Bed size.
• A set of locational dummy variables (three standard metropolitan statistical area size categories and one rural category). With the exception of the location variables, all variables were transformed to logarithms in the estimated equation; and for these transformed variables, the regression coefficients are interpretable as elasticities (i.e., the coefficients are estimates of the percent change in the dependent variable resulting from a 1-percent change in the independent variable).
The estimated coefficients and associated t-statistics for the regression results based on charge-based and cost-based case-mix index values are given in Table 12 . The coefficient values are quite similar for both sets of regression results. The case-mix coefficient and the teaching activity coefficient are slightly lower when the charge-based case-mix index is used, but they are not significantly different from the coefficients obtained using the cost-based, case-mix index (evaluated in a two-tailed test at the 5-percent level of significance). The other coefficient values remain essentially unchanged. More importantly, after controlling for other factors that influence hospital costs, the coefficient of the charge-based case-mix index was not significantly different from 1.0 (evaluated in a two-tailed test at the 5-percent level of significance). Hence, the charge-based case-mix index is approximately proportional to the expected costliness of an individual hospital's Medicare patient mix, as was the case for the cost-based case-mix index. This result further supports the finding that there do not appear to be large, arbitrary differences between charge-based and cost-based weights or between case-mix indexes constructed from chargebased and cost-based weights.
Summary
The original relative weights used in the prospective payment system (PPS) were based on standardized cost data for a sample of 1981 Medicare discharges. Cost-based relative weights were used in the PPS on the assumption that they would better reflect differences in true resource costs among diagnosisrelated groups (DRG's) than relative weights based on charges would. The extent to which relative weights based on costs differ from relative weights derived exclusively from charge data and the sources of any differences were investigated in this study. Also, the validity of a case-mix index developed from chargebased relative weights as a measure of the relative costliness of a hospital's Medicare cases was assessed.
The results of the analysis indicate that chargebased and operating cost weights based on 1981 MEDPAR data are very similar. A summary of the major findings is as follows:
• The difference between relative weights based on operating costs and relative weights based on total charges is less than 5 percent for most of the DRG's.
• The structure of the relative weights across DRG's for each method are nearly identical. The Spearman and Pearson correlation coefficients are greater than .99. • The relative dispersion of costs or charges within a DRG are very similar, although for most DRG's the coefficients of variation using charge data are slightly higher than the coefficients of variation using cost data.
• The dispersion of average costs or charges across DRG's are also very similar. However, DRG's with high (low) relative weights tend to have slightly higher (lower) relative weights if computed using charge data rather than cost data, which means that the charge-based relative weights are slightly less compressed than the cost-based relative weights.
• Large urban hospitals and teaching hospitals tend to have slightly higher case-mix index values using charge-based weights rather than cost based weights, whereas small rural hospitals and nonteaching hospitals tend to have slightly lower case-mix index values using charge-based weights. This finding is a consequence of the finding that charge-based weights are slightly less compressed than the cost-based weights.
The results of the analysis support the use of charge data in constructing DRG relative weights. In particular, interhospital differences in cost-to-charge ratios do not result in large, arbitrary differences between charge-based and operating cost weights. Whether the data are standardized for differences in capital and medical education cost also appears to make little difference. These interhospital differences only affect the DRG relative weights if there is a high degree of specialization among hospitals in different groups of DRG's. Our results indicate that, in 1981, hospitals' case mixes were similar enough so that most interhospital effects disappear when the data are partitioned by DRG.
However, as noted previously, we found that charge-based weights are somewhat less compressed than cost-based weights. This result is contrary to the expectation that cross-subsidization by hospitals in their pricing of high-cost and low-cost services would make charge-based weights more compressed than operating cost weights. In seeking an explanation for the observed result, we found the pattern of chargeto-cost ratios among the cost categories used in constructing the relative weights to be consistent with the cross-subsidization hypothesis. However, the relative importance of these costs categories varies across DRG's in a way not accounted for by the cross-subsidization hypothesis. On the one hand, high-cost services such as special care have lower charge-to-cost ratios than ancillary services such as drugs and laboratory. On the other hand, high-weight DRG's with a relatively high proportion of specialcare cost also have relatively high proportions of other ancillaries. The net effect of these relationships is to make the charge-based weights less compressed than the operating cost weights.
Finally, we analyzed the relationship between hospitals' case-mix index values constructed from the charge-based relative weights and average Medicare cost per case based on multivariate regression analysis of hospitals' 1981 operating costs per case. The charge-based case-mix index was found to be proportional to the expected costliness of an individual hospital's Medicare patient mix. This result further supports the study's major finding that there do not appear to be large differences between chargebased and cost-based weights or between case-mix indexes constructed from charge-based or cost-based weights.
Although the differences between charge-based and cost-based weights are small, our analysis does not necessarily imply that charges are a good measure of the resources used to treat hospital inpatients. However, it would appear that, based on our analysis, charge-based relative weights are a viable alternative to operating-cost weights constructed according to the methodology originally used in the PPS.
